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>4) MAGNETIC HEAD, MAGNETIC RECORDING AND REPRODUCING DEVICE PROVIDED 
HEREWITH. AND MAGNETIC MEMORY 

>7)Abstract: 

ROBLEM TO BE SOLVED: To provide a high-output 
lagnetic head having an optimum magneto- resistive element 
hen used especially as CPP-GMR. 

OLUTION: The magneto-resistive element comprises a fixed 
yer 606 containing half-metal, a free layer 608 formed on 
ne principal-plane side of the fixed layer 606, and an 
itermediate layer 607 formed between the fixed layer 606 
id the free layer 608. Further, the element comprises an 
iti- ferromagnetic layer 603 formed on other principal-plane 
de of the fixed layer 606, a soft-magnetic layer 604 formed 
stween the fixed layer 606 and the anti- ferromagnetic layer 
33. a noble-metal layer 605 formed between the fixed layer 
36 and the soft-magnetic layer 604. This achieves a 
lagnetic head with high output and high sensitivity. 
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mfZ9immmt(DmzmAi*itzfk^mmti-^tjmsi 

[W*«4] TOie/\— PP'^^Kd:^ Fe304. CrO 

Mn^s&mi.tzftm<oo-^'ptji< i::t^mvs>i>mn^m 

[Iff^^S] tdiatfi^Jll^, Pt. Pd. Rh. Ru. 

<fc y ^&fi!t$4^TL^4 c i r -sttsits 1 SB«a>ia 

[IH^^8] mSBft^SSl^. Pt, Pd^ Rh, R 
u. I r. AuXttAB<D5t.'>Ja:< iaiel±*$ 

[IA:i(]Sl O] «t[IBSSi<S11Sli. Mnlr. MnPt. CrMnP 

t. Nioa)L^-r*LA^a)««$$^■r*»*S1SB«a)^a« 

's-v K, 

Quin2lSlT-e3&y, A^oa[««tS3t<t*A<2%JaJ:-efc 
tzmSL^-j K. 

[H^^ 1 3 ] mi&msLt&^nmmf-oimmyjfSiizmm, 

etta>«BS(^>y K. 
[Bt^lSl 4] |f[£m2a)lB1£Jia>li9li, 0.8nm£lJ: 



[Sfl^Sl 5] flUffi/N— :7/^r;U*, Fe304, Cr 
0 2mL<itZnOlzm^^m^mmLtz¥tn. GaN 

icM n ^mta Lfz$tn<o o *>'pu < 1 1 1 a-ea&«Bi« 

SI 2lBKroKa'N v Ko 
[iS^ai 6] ffiffittJ^Sli, Pt. Pd. Rh. R 
u, I r. Au. AgXI*Cu<7>3*>'>'5:< tt.iaisi 

•y Ko 

(nmsi^v Ko 

[m*« 1 8 1 ttrsam 1 c o f a xi±n i 

F e $#^-r^iii*«i 2iB«<Daa^-y Ko 
[»*5ii9] Strffift^asi*, Pt. Pd, Rh, R 
u. I r, AuXI4Aga)3*»d>'S:<<!:tiaia±*$ 

[l«3j?«2 0] S(Iffim3©iatt®l*, N i Fo^^^Sf 

«ct*^afr-5«««i 2tB«<D«st'V'y Ko 

(i»*«2 1] StrIBS^I«14)lli> Mnlr. MnPt, CrMnP 
Ko 

[m^«2 2] tam&simi'SOiWim^i-it. mmmLi^z 

Qum2J«ATT?fcy. A^Ofi|tfR»t(tS<t**<2%K4±-ea& 

idtzw, 1 (oiftattts^, ism 1 (DtftittttB±i=)^)£$ti 
nB±(c)^jiit^ttytm2a)$9({ai±B^ $#t;{!tsi»£is& 

*3R-¥-*«ilfcmft's-y K. 

iBK<Daa'^«y K. 

mUK-^Z^l StJtB/N— 7>^;UBCDIBJ¥a, O.SnmU 
±-e *S C t t -r 2 3 IBtt<D«»^ 

K. 

C»«S2 6] t(IE/\-:7>*^Ui, Fe304. Cr 
0 2€L<(iZnOI=iI^^a$SttlLf=«t44s GaN 

«2 zussL<j>m%^v Ko 

[m:)tm2 7] ffil£4>i91V». Pt. Pd. Rh. R 
u, I r. Au, AgXI4Cu<D5^d>'S< ttiafel 

±$^«-r-&:i^: $^a^-r-6Si}it«2 3etto!>i»9i^ 

•V K. 

ojiaft'^ v Ko 
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[IB««3 01 liiseH^SBl*. Pt. Pd. Rh. R 

[9i««3 1 ] mess 1 (Dfft^sitisid:. N • F a i-^m 

Cm^^S 2] gflSBS^ttttSl^v Unlr. HnPt. CrHnP 
«C4:*?#at-r'6a*JS2 38E«Ea)KSt's-y K. 

SIS. 

mo)ii!i±mmizii^mttitz&^m^mt, mummmt 
t mi&mm.m t oimz^^-^ixtzft'^mm t ^-t 
t»5R3S3 71 e-y nat. Ktf h«(ciasrft'7- 

nrtB>^'j-ir;u*. %^om^kmt. «s:7xg«js* 

mtaimizri'nL-^Mz^fSimt^^H. mi&^mm'&.m 

^ ^fr m 2 (7>{si£ @ ^ mkw^m ^-^m-thm 3 a> 
iitttii t frem 2 oMiiii & « 3 omxiM toimzufSL 



^^tfcs^sst; m^±mm±\zM^Mzf\-z? ^ 

K(t>RaB±lc)i$^$;h./cm2a>«({S1$B^ 

[0 0 0 1] 
[00021 

m^fiOi^mi m.9ijsi.nm±mt\zti\.\x\t.s j&m^& 

[0 0O3] f9±^*y K<DS«lf|g1bli, tB»SS1~10 
(Gb/in2)a>-ei4, H^ttSttftlSma&S (AMR) K 
l=J;y. SB^ffiaiO-30 (6b/in2) "ett. ®a$J:yS 
<{9iE>4l^g:fcjSSl»0i$&m(GMR)^>y Kic<»:i-jS^ 
aF*lTS?f=. att©IBeffigE20~70 (6b/in2) -^14. X 
^^^^—QmK>. N0L-6MRtli¥lS4x-6T K/0;^GHR3ai 

[0 0 0 4] LA^L. $&iS:dfiSfiSSfb(DjiSI=J:i-J, 

-150 (Gb/in2) -CI* hi/:^;^^ilS«taJa«(TMR). 
S5150 (Gb/in2) JaJ:<nKKBISII5-CI4@aicSiE>^<f 
*l$llcttaia3il$35r:&aO!)6BRK(CPP-GMR : Current-p 
erpendicular to plane &IS(mt^^^\ztiht^7Lbix 

^sc-c&sc:t7!i>e». ciPHaiRtiiftfttTCPPHSMRtttia 

SI$*v-Ct^S. 4t«spi1-509956^i>«, ?#B8¥7-22136 
3-^4if8lctt. CPP-GMR^aflDfiia'S'y Ka)«liSfl>-«!IA< 

[00O5] 

C3§eH!6<<83iLJ:5i:-r^^Sl LA^L)&:A<c>, «l*(7> 
CPPHiMR^^IC t ^T 14 , mSl«trL^<b*d</Jx $ f 

CPP-6l«R]8i(DI8lJl^ia»=«3il*35Lfc«^, CPP-fi 
MRlS<DKS:^(Sllc®35$35L/cia^tit'<«i:, «3I/< 

Co O O 61 (it3|5f^8i$*ir L%fcCPP-<3MR<0«ttl4. 0. 2 
5// in20!>S||O> jR?■lCOl^T0. 1 ~0. 5m Q WSL"^ & 

AR/R*<20%efi-C&S<D-C. ARI*0.08-0.4nn 

i&® t * *i-c § tu *fi|-e 3& 42 Q ja± t tt-^-cl^aic 
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[o o o 7] mmt:'m< l. *^oAR$^:^t<-r-sf=tf) 

[0 0 0 8] ■f-^T?:*:«l8-ei*, 3R^ro«a«titSt<b* 
[O O O 9] 

^mt, mmmt&^m^mt<Dmizmm^titzWimti. 
mt. smstinm^mtomizm^^iixtzn^mmt 

So 

[0 0 10] ^tz. *fl?Blcfi|SfflBta^-y KSl/fflSmiB 

izmm^titztpmmt^-^fi: ^mm^mt. /N-^y 
4'^»^^#WL. m^ztpmrniz^r^^otzm^^ittzfR 

m 2 omitm t93 oimmm t (omzmiA t *ift*^m 

i.^i>mtits.itmiz&^miimi>m^^ntzmsi»miiii 
snnt^f-^mmzt^^tz^^mt-r^o 

[00 1 1 1 :^^mizmi>m9i^v K&l^iBt 

miEStfi^^si^. slants s.^mitm±izm^ 
[0 0 1 2] ic^±<Di:^^zm^itli>m9L»^msf^m=¥■ 

it. yN-7>^«;u*#wr-6HSIS, m2<D{ait)SXtt 

[O O 1 3] 



mmma>i&^mmizi&fiiititz&mm^mt. mm 
mtR^mitmto>mizfi^m^*itz«Lmftmt. mmm 
t nmitm ttDmizm^^ titzi^^mm t ^■^nmfnn 

[OO 1 5] WZ. mmmiis Fe30 4. Cr0 2S 
L<ltZnOlzm»^mimmLtz^n. GaNClMn 

imtaLfz^m<oo*><i!'tj:<ttimof\-yji^ji'i 
samss^ii, ^\-yj^^)utmftixi>tim^mmmtzm 

[0 0 16] f\—yj^^)\^t{t. ^•^D«Jis^a)t-^m■¥•« 

@1 (a) (O^oixnWL^n-OtO-^&io ZZ 
V. a^«Jt(coi>rWi*lcKp-r*. Bl 1 1=33 
INT. (a) li/\-7>^«;Hfitti«:05m^a?S«88** 

L. (b) ittm^^mom^^&^^imi,. (c) 
[O0 1 7] -mtz. nmit^m<Dii^m&it. m 

(b) J:-5<CJKT?fe.5o Ctlt>O50t?l4, TA^&Ji's, 
X ;^ ;U^-|Ili4a) <5 1 f> S I I c T L ^ "6 C 

asi©a^;^tf>^t,o^iSissij-r'S=t<D77a&«)„ js 

[OO 1 8] atf. EFttit*ltz»mt. 

«a)*4i^^l-^•r:L^4o &®I4, 7i;u5S(7)x4<.;i'4f 

[0 0 19] ca)«^xtr>i:atttttt:*;^<§i«Lr 
t^«. »tt^*a>«6l*7x^^5ffiA^^,T«<D/<> Krtic 

7 X ;b 5 soj;^ tf >»A<l0O%W-<fflx e>*^ 6 teS 1 
[0 0 2 0] J:oT. /s—yjt^JVti&f'), A>0, ^{fi 

* n i t LTTiaa 1 ■Cfc«>*>**t«. 
[O O 2 1 ] 
[SKI] 
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mi 

P=100X (nT-ni)/(nT+ni). 

>a>iRi # i: 1^ i: ^ e i/fiEij'aja-^-iiftS L/ N— :7 > 4» vu 
>/N-;i,:?«iiT?(iM— :? > ^ ;nafti4:(D^j-ffi^A<ioo% 

[0022] Z<D^otj:/\-yjt^ ^W8ttf*««(*^»J 
-r^^ (A) {81±iti«t«:, ^it (B) -ffidDSS^bl^Ml^f^ 
(A) MitT^mt. CrAs. CrSb. 

U if ©Km* ^ K- 3f L fc*Smtt¥««: ( I nMnAs. Ga 
MnAs) UifV, MBEI::J:«»JSflxtf4«^^^v;UfifcSlc 

[0 0 2 3] -Jffiic. /N-^y ^t;i.M/j:!t#14^^-r<D 
(4, «i|SHcJ:oTt,S«i:^A<, 100K~4KJaAT<D<SaJSll8 
•Cfc-So fiy^Mlc, CrSb (~350K) -^CrAs (Tc>1000 

[0 0 2 4]-:^. (B) (Omit^mitt^tLXtt. Fe3 
04A<1tl=J: < flJf,tirt>S, C+Hi<imrtCr02A</\— 7 
>5'>U«««)<ilfflt?fc«. Fe304l*/\-7>5»;U!^14A< 

iz^ mmm^mi>tzMz\t, 5oo%$c^-&aiSfiis& 

i>i^it&«i&&±<D9imt^&Wtjitzif>. cti^rs^ffi'lb 

[0 0 2 5] K<b!tei/x— 7p'^«;^*^^^lcfca^rl4. f^S! 
'^&<Dmmii<^^tj:mmtu y . c^i^-e-flaicas^^b 

t^. Fe304<Dift^, ift^^!tifiElcSS«•T?3D■63&<aHb)!»<^S 

<bL-\?»-rt^(Ot, Fei:Fe304i:=t,j-lffilCJS:y^-rL^fiS|fiJ 
f=&«. Cr02t.Cr203i:L%5l&tSi*&;14aibL-V>-n^f= 

[0 0 2 6] COTBaeicitU, :4:«IB%||(i, Fe304(O 



[0 0 2 7] C(DJ:o'a:ft&Si: LTI4, Pt. Rh«l3ft<ft 

»j«u, c:<©±.icFe304$»fig-r-5:^ai-e^«a ciOTifir 

A^&4LB(OFe304-e&y. Jii^O. ££-t*0!>i&»IS1b;ei<0. 5 
5~0.6-rX7<!:'&y/^;U^7(DFe304 (fiSlaa^b : 0.5~0. 

6'r7.=7®m'^) tmcmtui)^ ano. Fe304a)i#a-c 
*«i20Kfrfift-e<Diafinnb<Diastt#i4m« {-px-ji^^ 

T?l4(5lSl^1f •T?&*. StgaSA<150~200°C77tO. 5x 

0!>»ffi1b^qr«&-t?ft'&. 
[0 0 2 8] tZ^V. «3l5(DAtf>/^;u:^Ml4. 

tzi<Dv&i>o :timf!a^mmLtzm9ii&mtaiikm^^zn 
t^'prnm^'ftLxm-^mtzmmtLx. 

[0 0 2 9] ^ZX. *3Bia#WI*, S«±JC. S^iS 

^m. 'pmm. SAm<omizmmi*ixui>msit&^iih 
*jR?■oL^T. t>mm^mtLxcu^\tM^mttn^m 

[0030] JJ?I=:. /\— 7>5f;u«*IS$*-r-6HS» 

tt, Timt\.xw\?9t£i£<r>^mm'msL {mis.mm ± 

& I'd: «{&ttlg±lc«X{S1iJS&u:&^SB1£M$ C (DSHlcfll 
liUfc«^. ll<b1«s/\-:?>*;i'*$'»-r«BSJl*>6 

-lb. l9({fittiSa>fiiib. S&<bA<iS$«Rrfigtt;6<&y. ffiti 

[003 1] ^ZX. $ii9ffiLf=Btft«S»tl%lR 
^•ci*. S^aEttffit, K<b*fei/N-7>$i;u*$«-r* 

fc. c:a)«|jti:-r€.c:i:icj:y, aH^x 'j<D4>iaie 
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[O O 3 2] 

[0 0 3 3] *f^;^a«. mit-7<f ^i^'^JUSiWi^ GaAs 
AITiCS^K. SiCS«[, AI203gi«i. Si02S|g^(;> 

'JV^^SfflL^fc. PjaRffiS(45xlO-3Pa]JiT-efe 
y. ^i-y-y hl*Fe304a)j»ef*:^— Ar 
SHm^-C, t?)l~0. 1Pa05BE*, 50V»~150Wa)/<'7— T 
Mfi8S$#/=. Sroj^Si^JSttO. 1A/s*jST?fe€). 
tM4. »^-igltf^i=^^i'-J£ (MBE) VFe^mm^t 

l-J:o-Ct,, 0.1 -0.01 Vsefi(;)|^:^lc»4)o< L 

[0 0 3 4] Ztlio<a&Wi±(zm.ntFe3MimmLt:m 
^1*, ^SfiEKLfcMajfiSfQlHtliO. 1T-X^*«-C36 

y . aitRjas4oo°cicfcMt-6fafQflBt<bto. 2^x^~o. 3 

[0 0 3 5] c<0J:-5lcLrf^a!UfcK(*l^ffia 
«ilq]<D^l^MI=^ofr. C:ti,$(SI£%±«Fe304WIB]g 
IZ-t«t=a:>(=li. tt«|gS$540%ia±(D?KSI=L, 

m^&rf^sta^iccky. 25o%ui±a>Stfiasi=j3t^roivi 

0~5Cnma)KI-teL^rjafO«<b0.4-rX7JaLh*t.'3Fe30 
f^Kr -5 C i: 3ti<T? 
[0 0 3 61 w<©IKa)a<bfl>a«X<bA<> Fe304l-1$^ 

— !7 e> Fe304-e tbiZt 3b<fitffi * tt^t . C a)Fe304(* , 
[00371/ ;UFe304*«ftW±'^ y KaJtt 

fc. -f-c-e, ±aa>aMfi±i=«*a-^*'SPt.Pd.Rh.Ru. 

lr.Au.Ag<CB|$-t*i.^m»$2nnir'}^fiaLfc. ca>BI± 
[0 0 3 8] H2I=. ]^fieL/=Fe3O4iaa>tan{B<bBs0!)S 



fS^A^ib, A'7X||fi±(cFe3O4i@$i£m)^^Ly-c^0> 
J:y T*Kt LTPt.Pd.Rh.Ru. Ir, AuXttAg$ffll\ 
lflSa»3B:Fe304^SA<«tS$*tfc. ^IC, A 
u. Pd. PtTll!jlS^jSfflUf=«^, S«iafi200^-et. 
Fe304Ka)ia«H»<bl*««)0.5T^X^A<»e>*lTL^S. * 

[0 0 3 9] C*tf>Tife<D|S:*gK*^50nm'-100n 
m<omti tU^tz^^s S®i|a*RaS0.4nmJilTlc-r'5C 

Zih.ii>n^mOTlz. CrJSiffl>®^ncTi6)MSanin*>e» 
JS+nm»A-rSCtlcJ:y, C<D±lcjiESL/cfl*ja]S 
<DSil»SA<77t^bU. Fe304ISa}fi£ftA<iSji$ti-&. 
[0 0 4 0] S^'vy Kl=JSffl-r-6fc«)«=tt, 
^« ;ua>iKJ9~inmgJtt?±K(Z)l#tf ^ ^-r 

^(D^»^bxe>«)^«ax;^;^^-J:y t,, ssx:*.;!,:^: 
-tm<tti>tzMz^ mita)f^^mimi,iztj:i>an 

[0041] Bi3i^fiafQ{&^b(9lSJi:«(#li$^:r. BIA^ 
& . mmitifimt: t m<nfknamit\tAmizfii<i^-ti>^if9 

1nlnSS-CI*^»^bl*^S«^^^■CL^€>. CKDE 
A^ ^ . Fe304M<OMJ97!i^1 0nin$@x y=^lST? I^Fe304Ma> 
ia«H»<btt0. 5TX^aSt=A<, MJ^O. Sm^mvit^'(> 

Ta)^^«1±W!^14(±^^t$*lTt^S^:%jlSo c:*iJ:y 
f9U'«dl$J9$lCj:^4$1£<Z>3E^bA<Slllgl^fr«!>, ttSlfi 

[0042] Fe304Jsin©»<b«&/N-:?> ^ 

-5Cr02, ZnO, GaNfc•^L^T=t. ±i$(DFe304<7>«'& i 1^ 

%s«a5«<25o%-c^miiiiiA<]i^^$;h.r i>« c t $ 

ttSSUrro ZnOIA, V. Cr. Fe. Co. NiCO!Stt1$^JB$$^25% 
fc, 6aNl::-r)t^rt»Mn$25% K— Z^f-Siiaatt/x— 7 

[0 0 4 3] ^ic. ^mmtmmmt<DfsnzQmtp!Sim 
tmrn^nxtz^snmomni^midimm^tztii^x. <*»w 

[0 0 4 4] c£a5(Dxe>/\Vi.:?^'r:^a)GMRai^i4, 

lc6HR4>l9ieS02A<fi$^ $ tlT I' £ ^ O. 
[0 0 4 5] C:<OS^n503, B^nSOIfcl^. NiFe.CoF 




[0 0 4 6] H5Sii5oia>aiK<b*iaji-r*fc«) 

[0 0 4 7] mtz. C*l€»0!>«^IC^Iii*>OI$tA/if(3!> 
Ja^l=&ri^$^iSil=. GMR43f3J1502$«:-r4iti|B(36<Cu& 
4 lM±Cr e. « t U -5 . 

[0 0 4 8] ca)GIR4>m6502a>4^l|4^UT. Cu7ld:<i: 
< , Pt. Pd. Rh. Ru. I r. Au. Ag«?lc|l^«««*fflixfc«^ 
lCOt^r^iffiLfc, CZ-pli. CoFe (Snm) /GMRtJiW® 

(Xnm) /CpFe (Snm) /NiFe (2nni) /Mnir (12nin) moim 

A<2nm<OIBlZOLN-CO!)GIIIR«ttSra^fctC?>, «fii«<b 
SttGMRefi|affi««lC«c?? LXmU^taxO. Pt. Pd, Rh. 

I r. Au. Agm<o^^mitm^n^mi^tzmvitmffi-Cs o. 

[0 0 4 9] Jil±J:y. KSC«fii?aSI!l?^l=*5l^T> «t» 
HI- Lfcig««jgl8-ett A R/Rtt2-4%SS-e3&* 

[0050] mmm ^^\ ^^^nvi^mm Ltzmfn 

[005 1] *-r. H^b^lBttti*: (/N-7y$;i.) 

fflix/=;?.e>/<;u:?«^-(Z)^tt$IS'<«>fctoic, CoFe 

(Snm) /QURtpmm (Xnm) /Fe304 (SOmn) /A^BIIS (1 
Onm) 3&>f>^CSa®lS$f^SiL, m3iI*IS®l=35Lfcli 
da>%tnSg^b¥(;>GMRct>IHin(D@I¥«ti#1i$tiK-& ^ , 
MST?. 0.3~1.0%SSa)«fit2E<b*$5iLf=. 

[O0 5 21 Ctl^CyPWiSJ-LfclS&CDGMRICO 
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603*^ 4'ia®607A<Sffi (E^Ltft^) i:«|6]-rS 
®ffl!ll-}Bfie*tlTL^S«|Ji$^-r, -eiJirUr. CoFeS 
^tiS^mm (MJ^Snm) /GMR4>M»607 (igl$2nin) /F 
e304$#trB£S606/||jfea6605/NiFe$$t;«kfit1iia 
604/Mnlr$#tS^ai±|g603 (|gj»12nm) /Cr$#t;T 

c*i&a>iBa)MRtti±, {i^®ffl605$flijiE-r^*r« 

icJi-araJSy. Pt,Pd.Rh.Ru, Ir.Au.Agt?, •f-*i-€*i2 
~ 1 0%(DaiH $ t C t A<*? A^ o . 
[0 0 5 3] RuU^Hmi^mt 2mV. Mit^ 

(Fe304) $^t;S£S606/Ru$^t;Jli^BB605 

^SSSLfco wa>CiA^&. B!6(0«jg-e, CPPH3«R«Ji 

^ LT«>ttiA-e&«ttSl»£tlE^b^a)iSi>«tft%St«)% 

BtA<»&*L4CtA<t>A^ofc. *fc, C*ltt, Fe304JU 
^(Z)/N-7 > )HHb1^!Hatt«:|S^BSBlCfflt^f=^8« 
«*t3aSffilzoLxTt.l^ailc^S!i^f«Ji-efc-5. 
[0 0 5 4] C<D«JtlCOlxT. «ICfS«ff=t,a)«)<ft 

I*. N i 80Fe20S& * l^l*Co90Fe1 OlcftS * +t ^«?ai4^S 
Vin^&i>o *fc, @Sll(D/\-7P«^;H8ttlB606lc 
Ol^TI^. Fe304(OI33!iM=. Cr02« ZnO-H (M:9^& 
B) . GaN-M (M:a^4?a) . CrAs. MnSb^pif^fflUr 

603i:LTI*, Mnlra>I^A^, MnPt. CrMnPt. NiO^S^^ffl 

eiSE<ba)»&*t«ii^jR^«tjit Lrs»i=+»i6f^-r 

[0 0 5 5] El7lCli. S^ai±Jg603A<, (fM 

B607A<S«i (B^U^d:t') &^l»lL«:i^iS«lc£1B$ 

«aigl7O9/MnPtS^t?S5t«SttlS708 (12nm) /NiFe^^ 
t74ft{Stt£M707/||dBB706/Fe304BS@7G5/GtllR4>M9 
704/(k>Fe$$t;gAn703/Cr$$t;Tl&il702/S«701 

B*ic**-r«»«Bi4. ±\zm'<tzto>tmcvii,i>o 
[o o 5 6] wz. fk^mt^mmmm. m<Dmim± 

mz. mmzitmmvkm^mritt. isib«i4>(Dii«ii 
f^aj-r«2oo"'cea(osftfflvg:^p-trx/<fi:(Dfci«>. c<o 

LT, il1b«ltt1±{«$$«-r«BSii606.705$. i»( 

LIZ < t^Jl^aIl^■cttt^ c t *<WJa-e&4. 
[0 0 5 7] B6. 07(cfe€,«it-ett. il<b1ft«81t«: 
U\-yji9M ^^^■r-5BSH606.705(7)ESlM*, 

Jt^B^^^-r S>t>fe]B607. 704&t;fl#BB605. 7067 
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PS) -V^^+F^:!— Ka^ftfcSl (RBS) vmrn-Titt. M 

[0058] immm z j cpp-GmmmoimsattiiSsbm 

(a) S0;>S9l%tad<2Quin2JaT. i?^ L < Itl Quni2 

(b) {B9l»tft9E^t¥2%lU± 

(c) m^i^<Dum^ 

5. 706/SI<b!|«S/\-7> ^)U$#flr*SS®606. 705/« 

S608.703tlx-5IS*«liS$«SL, Ft (BIfflOnin) /Fe 
304/Au (Mil3nm) /NiFe (MJ^Snm) (=-?L^TFe304IB(O 
^ fc t # a)Sa«taa>^<b ^ 1 20nni x 1 20m<Df& 
tt$t•oal^|COL^TttS:-r-5. Fe304(O«ta^tt3500 
ju Qcffl (SS) ~35000KQcin (31^) . ^a>ilkPta>i& 
iHmtZQu Qctn, Au(42/i Qcm, NiFe(430n QcinT?& 

[0 0 5 9] Fe304(DMJ$3(t<30nma>(i:$. Fe304(D%ta$ 
143500 iiQcm^-r'&^. fH^^mtVinQ. RAI41.05Q 
um2i:)Sy. *fc. Fe304<Dffl|J5A<10nni(Di:#, a^«ta 
I4$(|25Q, RAI40.35Quni2^)^'&o Fe304a>|gl9;!i<1 . 5nm 

^'7-%tn;i4$a3.7Q. RAI40.053Qum2^}^^. 
ca>&$. fitft«tit%1b¥ttFe3041SJ9fillcJ:or|E^b 
f So Ztllt. Fe304<Da«»SL(-(i. Fe304e«:a)MR 

Fe304ISi:(t>KSIS4:(©Sffi«feaA<ifeSf=«) 
■C. GMR^ttlcS#-r-5a>l*»#<Dfc«)Fe304*<5tlx 
$ 1= G M R SiXlitt^r « o 
[0 0 6 0] Un. Fe304a)I5^A<40nm<Oli^lCl4GM 
R»li0.2'-0.5%gST?a&4A<, 10nin-ei4m~5%, 5n 
ni-Ctt3~10%i:3S:-6o 0. 1 xO. 1 ua2(Dm^Vlt. RI45. 
3Q-e. AR=1.5~5.3QfcJtf«. 
[00 6 1] 140Gb/ in2a)lBSlffiSlC*tJ£-r-6#?±-^'V 
Ka)X'<'y^i:LTCPP-GMRa)!^14$#^€>i:. C(©B 
8l%^l4Fe3O40:>ffil¥;b<3Onml21T-C1 Qm&iikT<J>{AtU 

«-?-B8IA<250ninx250nina)iid. Fe304<DJ!lJ9;()«30n 
ml?, m^^Wtm\6QtUh, Fe304(OiaJ5A*50nm(Di: 
RAI41.75Quin2i:;^M. Si^^mtif320Q tUi>« 

■etsR^iisi^isJiL^fijffli-rscfc. ir^»SiA<20- 
iooQ8fi(c-r *»ft»taja«is^f^ai-r 4 c t 



[0 0 6 2] C;h.lcS4L. fi£3|E«tJi<D»aiStSJa*3R 
mi^Mlwl*. Ta(1nin)/NiFe(3nni)/IIJnPt(15nm)/CoFe 
(3. SnnO /Cu (3nin) /CoFe (3nin) /laOvm) tl^59lSt»i&<0 
m-nit. *^B«*0. 1x0.1 //in2*-C/h*< LT=feR=0. 
SQSJSrfey. AR/RA<2%-efcorttb*ARtt0.0 

[ o o 6 3 ] ^f=, :t:nmmm LtzmsattKiaskiii 

«§[«laJaiS^^lcfcl+S«a«talE<b¥(4, Co/AI203 
/Fe304a)mig $ t oTMR^it-e l4Sig-e 1 3% & y . CoFe/ 
Pt/Fe304-V>N i Fe/Au/Fe304-e ^696 Ja±o:>%^S1b¥ ^ iS: 
Fe3O40:}«{SAI4, «tSSa>SStn^lq|-C«^1Vni-e 

[0064] 3 ] imm^ V KiciCffi L 

SCPP-GMRBtl*. ia6-¥>H7l=*-rJ:5'S:«JS*t.-3«-e 

fey. ffii?tiisias«ii2icTa*Lfc«jt$to, 

[0 06 5] cc-c, flsa-tr> 
l=^iai-r«SI=BrB«<SUlLf=i&«(0!)^>y K«ifi-Cfe 

C4X&I4, «ffi*e/-iUKt3IIEfflU, iiEty 

ffliti«ta)fe-5«itic^c4i:%^t.e)ti«.o fiu. m^-y-'f 

[0 0 6 6] H8(C. ±ffi(7)®:^^ix-;uKi:«fflLf: 

^^•r. 0iJjL«, Taii^-,;uKlimffi|gB801±lc'J7 
h:l-7i|sr4s(£il=mL. e»&^a^i::Stt0&3&:'&«Rff8O5 
^^tY&^-n^iZ}VirVi\^\y^M\.iz^s 'f:*->5 

u >yji«cif<D^^-e{aai»a3amiH805$x-y^>y 

r*. i-y^^yfttcQoCrPt. CoCrPtZr023B: f ©HSia 
14«*4l^<fc JS:-5aB«iJtftpM803$ , $6«K802. 8047? 
^fyjfm^^lS.-th. C(DaiEfilffllSl4, CPP-GMR-tr> 

■y— j8a)mB^8iiic«fc4^'fX3&i»cfcto. aiftajsw 

fi*]S«!)*CtA<l?#4. CC-CCr'V>TaJS:i:a)jg^<PT 
16±l=i»B«4(SI@803$}^^-r <i:£BtB«J<90</>^t$l= 
MLWaO-efeSiS^A^feofco iSL. S5^-9-'rX!{»<i-» 
'h* t>i #l=l45R?-t>l=«aESA<afe C^S: < 'S:S«^A<fe 

&A<fe*o 

[0067] »E«iJfflllS803. 804Jejie^. 'J 7 h:4-7V 
;^^7$K5=6-r*. -tO)^, J:gp->-;i' KKaEmaiffi807 
$]l$fiS-r«. w<7>gfc« ca>±lcfi^B$6ISlS808^: LT«4 
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[0 0 6 8] H9I*, ttawJia-^^mjiA:. 

l=jttmLf=Si=i»Sl%St-t:>i^e905A<Stb L^grl^^tiS 
^toTt^-S. wC-C. Hlc^•rNi81Fe19A^^,^£-5Tffl^ 
ffiSli'-JU K903i:±a5ffiav-;i/ K907lctt**if=^r 

l^902A<tt**l.TU^««Jtl=Ol,^■C^tBLfco K3— 
®906fcJ:l/902l*. H12-ei*±aJ3— ?906^:TS^a- 
^79O2A<1^^ Ufc C g >y}&ttlC^CoTl^So C(7)(^)!>^ 
iz^. TSUa— j7 906$«fl:Sijfi€la)it4a-ehv';/^?iiS 

(.mo. 11) @4>i::lifia[lzmR901;:i<^$;h. 

jK%ta-tz>iMai«{&E»jffii$;Ks 3!>^o, mm<D»mtm 
*«B«iai-r««jaa)t^-r*n?^. a»/d:«iz«ijiaiA<Rr 

[0 0 6 9] ±IBH9(*. 01O33J:O:E11lc^-rJ:3 

ic. »3— :?©flift-fe>-y-igics-r.5ai5»S5Fii«^icL 
t=«3fi-?t., i&is«iffiifiia)«r»$S(«^i=-r«c^i= 

^i=tt'<r> •tr>-y-Bi<)!)a«t*A<iooo<ssffii='Ec«f=4<) 

[o o 7 o] 4:«jSi?(4-b>x-r'g>a#i*Ksi=aEi= 

[007 1] *siifia)»fi|-ei4±iBE«(Da[gi«tt-ts> 

[0 0 7 2] *f=, CCT?5^Lf=S±'^-y K«itaJ»lc 
jbD^-C> ±ffitt9l->-;i^K907±lCi%$ilS1201$)&fie 

[0073] [9liil«l4] B13li:^l6q§|z.):«^-y K$ 
*Lfc{ia-T-f X^ygaii. i^iOR^t© h^'y^i 



1306t. mmfS.^'U K1306$XjUaSl7'-f X-?1301±a) 
RffSi4fi'^^!ll*-e--67^^iX— ^— #«1311A:. 

[0 0 7 4] *e>lC. «^t«|ftl.ZOt^rKlTIC|JlM-r 
«o '>^d:< irt-ttCDiaiiPlfil'aeStT^'fX^' 13014^111 
lKfai302lc;J:oT3£^$*l., ffiUiffl^—^ -13031c J: o 
r®*B$1*&tt-6o il>^i:< t*.— ffiKDX^-f ^l"— 1306 
35<. ««-T'r'X^7l301±l=ift«$*l. ttX^'fy-1309 

tzV)a):$inmiz^i>m%^v K1310*3EttUr(.^-6, 
[0 0 7 5] aftT'fX^1301At|HHS^«tBftl=. X 
5 ■< 5f-13063!i<T-f X^7a(l$»SI|-r-6 C t IC J: or. 
a M t -r * -r- A<8aMi $ *ir U -5 Bf SiaS'^T -tr X 
**t-So X^-f ^''13061*, ■y-X'<>->3>1307lC*or 
T— A1308lci:yoit6*i«. t^X^vS/a >i307l*t> 
■TA^'SSi^tt^^L. X^-f ^r— 1306^aiax'f X^13 
01 less T— A1308l4T^'^a.x— ^1— 1311IC 

«iyf*(te>*t«„ 

[00 7 6] T^?^a.x— ^r1311i:LTI47K-<Xa'f;i. 

0^iti^iRi^^<^:;@it)isa^i4. m#si3i2;6N&7-< 

A1308fc f'i -131 1 1 5 -1- >1304* ^J^fifc 

[0 0 7 7] fiaaT*-<x^oi!if^i*j. »a7'-fx^;i3oi 

CO lal|gl=d: o -C X ^ 'f 1 306 1 -r-f X ^7 aEH«)iai=Sg 
ftSSfC J: ft XT-^T y :y<fii^±C. ■tttAtX^'f y— 13 
06$a«7''fX^1301<Da®A^'3j¥-t*-t*-5o LfcA<o 
T. fia«x-fX^7gfi<7)»if^(|>. ;*:xT^T U >yl4■b- 
X a > 1 307<Dt3fA^<f 5114*1 t/^^>X*4:y. 
X'^-fy— 1306tt»»x'fx^7asic.5v*i.-ri=. 3b^o« 
«T -f X ^» 1 301 1 -SIWW$« o T j?±r « «fe 5 icttl* 

[0078] 21^. mm^mzmtai>'u<?^m. >^ 

r. ty(9^is;i3i2i*. =&^'r>^tft-Lr©n»<i^$3is 
«L, *^o5asix-fx<7saa)a>!7<7)«fig¥ift**w-r 
•So mKit. 13031*^-1' >i304$^uea**t 

[0 0 7 9] T^TiX— ^r_i3ii|*^-<>i304$^^U 

■f^ojiia-r X ^7 1301 ±<D a fit) i: -r -6 -7*- f — 

h9v^7^iiS?$*ifcX9-r^''-1306*»iilc^ill. (4 
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[0080] -E-LT. mmm^it. ms.^v nswtm 
fiiT'f X ^7 1 301 ©-T-^ y s» u f=«a«# 
^. ^-f >i304$^LTS<iL«sg-r-5. ^f=. 
-f x^iaoiicT"— ^1 1 Lxm^s^titztbom^m^i. 

Kiaioicantr^So ■r'jf*? 

^. *iJffli^S1312l*. atK-^-v Kl310*<K*«iy*fc|* 

aa-^-^ Ki3ioA^f>itmei^$*i*#i6t,Rrs6-efe.5, 
[0 0 8 2] =:<oj:-5«cttaa)«l«S3lte<iijt-&wtic 

[0 0 8 3] ici±<Dj:otzmmi*i^msi.f£m&m.it. 
X. i?±ssA<i50Gb/ i nZi&^Li,f&mo)msmmL 
[0O8 4] [siififiys] muizTik-roit. 

t^*^l04MRAM<D«aM«jt^*■rta>■Ca5«o 1401 

03. K— X1410, aU'^7 4i1402tii¥(i*i«.4g^$=feofc 
h'^i/iyx^i-efe*. 1404tt#>»«:iltt±l=»j«Lf=S 

[0 0 8 5] W®$I2®f $«Sl-lr>-9-1409*5J:i;, 14 
09$«it;mffi|g«|jg$#tofc«jt1406t, 

i=is«L. «?-i=«aE*afre-> K«i407t. aa-t^ 
■y-mituoe^ttAz-cKe-y nti407t«ttLfc(ia<D, 
ffia■t^>■t^«jt^4063^)^t>^s*lfcffialcfcoT, a^o, is 

K»i405^. ti»9^imm-ri>miismt. si^uil. 
iR^icfcLNT, saa-tr>-y-i406a)®A<, iBMrosiJsa) 

[0 0 8 6] »a-bl/-9— S5^1409<7)*#$l*. 

^iF^m^^iEy5mtT?>t. -mm.^— 0.25 umv& 
jtaxii, ®^^s^aiii$ffiL^fc. «a-t: suoa 

tt, '7-Kei405t e-y hiai407*35*t«m3iE©^lR) 



06(D J: o icam-b >-y-«jta)5s^iciEar « c t ic 

. y. {8B«J«9e^<D^3S«5^ftlLI={BISft!|{lip-r-&C^;{)< 

[0 0 8 7] ]a±<DJ;3JC«fig3?ttS«Sl>^«J(ZfcU^ 

1 1= J: y . -b iUaiX SeE*a>1 2 F 6-8 F2^ t ffi/J^ 

C C t? F t (4a/MlDX^ai(D C t -CfiSo 
[008 8] 

l-^-Saa-^-y KI4. /\— 7>^»;u*^:&-r-5BS» 

mmmt<Dmizm^iHtzip!simt. @£ff(7>«!i^iifi9 

y. ^ims^t&^mtm'i^m&i&tK^mmLtzmfR.ttiA 
[0 0 8 9] ^tz. ca)aa««tjais^^$ffliji€>aa 

BBg^H^Seii, iSfS3SiS;!)<150Gb/in2$iSK.Sttft 

[0 0 9 0] ca>»agtaSSS«?-^«S*5 
ata>*'J-CI4, ■b^Uffi«^fie3lEa)12F2*Me>6-8F 2^^^ 

m 1 ] {S1$f4:(0«'7-SS«(6l (DOS) <DmAmx& 
[@2] Fe304Ka>ia»ttjbO!>S«S5«6#1±$^-r4$ 
[B3] it^Sm (Au) ±l=)^^Lt=Fe304iKa>iaiall 

mei *nfiaimmLtzm9imisaiim9i^<omAmx 
[07] :f^§iB^'&mmLtzm9ii&tiii9imm^o>iSiAmv 
[08] ^^^^^mmi.tz'O'f^ yzfmcpp-Qmm± 

[01 0] :^nfiaiiSmLtzm9it&tiii»mm^t3-ff 
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[012] :$;*B^$®fflLfc«aat!tJai«*^t3— & 



4] :«:feQI$)iffiUf=i&Sl>%Ua>«I^BiT*& 

6 0 3. 7 OS 6 0 4. 7 07 

m. 6 0 5. 7 0 6Ji^S®. 6 0 6. 7 05 @S 

@. 6 0 7. 704 4)nJl. 6 0 8. 7 03g£n. 
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